The modulated molecular beam scattering of CO and NO from Pt(lll) and Pt(557) have been studied in the temperature range of 350-1100 K.
the same model fits the data well above 550°K and the best rate parameters are v=7.9xl0 13 , E=33.6 kcal/mole, and s~0.74. The higher activation energy for desorption from the stepped Pt(557), as compared to the flat Pt(lll),
suggests that while the incident molecules can be adsorbed at the step as well as at the terrace, their desorption energy is influenced by the presence of steps. An adsorption-desorption model with coverage-dependent sticking coefficient fits the data obtained at all temperatures well for both surfaces without change of the kinetic parameters.
For NO scattered from Pt(lll), the adsorption-desorption model with constant sticking coefficient fits the data well above 525°K using the rate parameters of v=6.2xl0 13 , E=28.6 kcal/mole, and S=0.65. For NO scattered from Pt(557), the same model fits the data well above 525°K with v=l.2xl0 14 , E=32.3 kcal/mole, and S=0.71. The higher activation energy suggests again that NO desorption is influenced by the presence of steps.
Below 525°K, the NO scattering results are quite different from those of CO and can not be simulated with the simple models that were tried.
The data can be used, however, to rule out several models of surface interactions. NO does not dissociate detectably between 400 K ~1200 K under our experimental conditions. The sticking coefficient decreases with increasing coverage,
Introduction
Although NO is as important as CO in catalyzed surface reactions, it did not receive as much attention until recently. It is interesting to compare the interactions of NO and CO on platinum single crystal surfaces since they have similar molecular orbital structure, but NO has much lower binding energy (151 kcal/mole as compared to 256 kcal/mole for CO). In this paper we present the results of modulated molecular beam scattering of NO and CO from the flat Pt(lll) and the stepped Pt(557) crystal surfaces.
The modeling and computational methods to determine surface reaction mechanisms by modulated molecular beam scattering have been derived, and reviewed by other authors (1,2,3).
It is known that CO adsorbs molecularly on low index planes of platinum. The activation energies for desorption from Pt(lll) reported are in the range of 24~33 kcal/mole and decrease with increasing coverage (4, 5) .
The sticking coefficients are between 0.6 ~ 0.8 and decrease
with increasing coverage (6, 7) . NO is molecularly adsorbed on platinum surfaces at room temepratures (8) (9) (10) . The activation energy for desorption is between 20 to 28 kcal/mole (8, 10) . Partial dissociation of the molecule upon heating has been reported (8, 10, 11) .
The apparatus used for the experiment has been described in detail else\vhere (12) . Briefly, it consists of three separately pumped chambers as shown in Figure L The first diffusion pumped chamber contains the molecular beam source. The second diffusion pumped chamber contains the slotted disk chopper used to modulate the beam in the frequency range of 5 -200 Hz. The scattering chamber which is pumped by an ion pump and titanium sublimation pump contains the crystal, the rotatable mass spectrometer,and the equipment for Auger electron spectroscopy (AES) and lmv-electron electron diffraction (LEED), and argon ion sputtering.
The mass spectrometer AC signal is processed by a phase sensitive lock-in amplifier.
Two crystal surfaces, Pt(lll) and Pt(557), were used. The high
Miller index surface has six atom wide terraces of (111) orientation causes of phase lag (1) except that due to the surface reaction. Therefore, the normalized data depend on the surface processes only. Between each experimental run the crystal was heated to 1250 K for 3 -5 minutes to make sure that it was not poisoned during the experiment as a result of adsorption of ambient gases. At the same time, the reference signal was detected that was used for normalization of the data points. In this way any change in the electron multiplier gai~which could be 10% during each day's experiment,was detected and eliminated from the normalized data. At the end of the experiment, the crystal was rechecked with AES.
Results and Discussion
A. CO scattered from Pt(lll) and Pt(557) crystal surfaces. The phase lag is essentially zero at high temperature and has a sharp peak when the amplitude drops sharply. The phase lag stays at zero at the lowest temperature range where the amplitude is climbing. Note that the pahse lag peak appears at a lower temperature for a chopping frequency of 10 Hz than that for 100 Hz.
To understand how the amplitude and the phase lag vary with crystal temperature, let us consider the adsorption-desorption model with a fixed sticking coefficient s:
where I is the unmodulated beam intensity, g(t) is the gating function, 0 -E/RT and k=ve is the first order Arrhenius desorption rate. Using the method of Jones et al 1 (1), it is easy to show that the normalized signal,
where the first term is due to the fraction of molecules that stick and then desorb from the surface, the second term is contributed by the frac- The sum of ks and 1-s, however, will have zero phase lag at k+iw this very low temperature. Therefore, there will be a temperature where the phase lag is largest. For a set of fixed v, E, and s, the phase lag peak position will appear at lower temperature at the smaller chopping frequency, w.
The adsorption-desorption model with fixed sticking coefficent can explain the general scattering behavior shown in Figure 2 , except the rising amplitude at low temperature. A computer least square fit without using the rising amplitude data gives v=2.9xl0 Pt(lll). For the same chopping frequency, the phase lag peak appears at higher crystal temperature for Pt(557) than that for Pt(lll), This indicates that the desorption energy will be higher in the case of Pt(557).
The computer fit, without using the rising amplitude data, to the adsorption-desorption model with fixed stick coefficient gives v=7.9xl0 13 , E=33.6 kcal/mole, and s=0.74.
Note that the data show only one binding state of CO for Pt (557) which is a stepped surface and should have at least two states-at the terrace and step site. The higher activation energy suggests that CO desorption occurs from the step site as compared to the terrace site for scattering from Pt(lll). Since the sticking coefficients are about the same for both Pt(lll) and Pt(557), we believe the molecule can be adsorbed at the step as well as the terrace site and quickly diffuse to the step site before desorption, Therefore, the model for Pt(557) should be
where we cannot determine p and k1 since surface diffusion is not the It is evident that the values for 'J, E, and s 0 are almost identical for both models for each surface.
The values of 'J, E, and s for both Pt(lll) and Pt(557) are in the range of values reported earlier (4-7). The coverage dependent sticking coefficient has also been reported (6, 7) . The fit between the data and the model is very good for both Pt(lll) and Pt(557) except in the low temperature region. Even for Pt(lll) we do not expect the simple function of the coverage dependent sticking coefficient to fit the data well at low temperature. To have a good fit in that region we believe that a more complicated function of the coverage dependent sticking coefficient has to be chosen, Note that the adsorbed CO must be highly mobile on Pt(lll) since surface diffusion is not the limiting step in our temperature range, H. Ibach et al 1 (14) pointed out that the preexponential factor can be near 10 13 for mobile surface species. which is what we find. For Pt ( 55 7) • the mobility of the adsorbed molecule is reduced due to the presence of the steps. We believe this to be the reason that we obtain a somewhat higher preexponential factor for Pt(557) than that for Pt(lll). We find similar structure sensitive behavior for NO scattered from Pt(lll) and Pt(557) also as will be shown below. However, previous investigators assumed v=l0 13 instead of determining it from experimental data. (111) suggests that the adsorption~ desorption mechanism for NO scattering from Pt(557) at temperatures above 525°K should be the same as that for CO scattering from the same crystal surface. The adsorbed NO must be highly mobile on Pt(lll) at temperatures above 525°K.
The preexponential factor is a slightly higher for Pt(557) than that for Pt (111).
For NO scattering from Pt(lll), the data below 525°K are quite different from that predicted from the adsorption·-desorption modeL With decreasing temperature, the amplitude goes up and then drops sharply.
The phase lag changes correspondingly. Below 400°K, the amplitude starts to rise again.
The features of the data can be used to rule out many models immediately. The usual linear, parallel process can explain the characteristics of the phase lag, but not the amplitude. One of the possible models is a modified parallel process·--model A,
where p is coverage dependent instead of a constant. Basically, we manage the sticking molecule to fill site 1 first before it can migrate to site 2.
The curves in Figure 5 are the best fit,without using the data below 400°K, to this model.
Another possible model is as follows, model B,
The molecule can be adsorbed at site 1 only. It can desorb there or diffuse to another site, 2, before desorbing.
The fits to both models are reasonably good. However, we obtained unusual parameter values for the best fit. For example, k 2 =9.8xl0 7 e- --~-...,.,.,..,"""""=..,.,.
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